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(54) HIGH VOLTAGE PULSE GENERATION CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To supply a high voltage pulse having 
a steep rising time and an extremely narrow pulse width without 
using a plurality of semiconductor switches. 
SOLUTION: The high voltage pulse generation circuit 10A has an 
inductor 32 connected in series at both ends of a DC power supply 
22, a first semiconductor switch 34 and a second semiconductor 
switch 14. and a diode 36 in which a cathode terminal is connected 
to the other end 42 of the inductor 32 connected to an anode 
terminal A of the first semiconductor switch 34 and the anode 
terminal is connected to a gate terminal of the first semiconductor 
switch 34. The accumulation of induction energy to the inductor 32 
following the continuity of the first semiconductor switch 34 by the 
tuming-on of the second semiconductor switch 1 4 is executed. 
Also, the generation of the high voltage pulse at the inductor 32 
following the turning-off of the first semiconductor switch 34 by 
the turning-off of the second semiconductor switch 14. 
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* NOTICES ♦ 

JPO and NCIPI are not responsible £or any 
damages caused by the use of this translation. 

1 .This dociiment has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

The inductor, the 1st solid state switch, and the 2nd solid state switch by which the series connection was 
carried out to the both ends of the DC-power-supply section. 

The high- voltage pulse generating circuit characterized by having the diode by which the cathode terminal was 
connected to the other end of said inductor by which the end was connected to the anode terminal of said 1st 
solid state switch, and the anode temiinal was connected to the gate terminal of said 1st solid state switch. 
[Claim 2] 

The inductor, the 1st solid state switch, and the 2nd solid state switch by which the series connection was 
carried out to the both ends of the DC-power-supply section, 

The high- voltage pulse generating circuit characterized by having the resistance connected between the other 
end of said inductor by which the end was connected to the anode terminal of said 1st solid state switch, and the 
gate terminal of said 1st solid state switch. 
[Claim 3] 

In a high-voltage pulse generating circuit according to claim 1 or 2, 

Are recording of the inductive energy to said inductor accompanying the flow of said 1st solid state switch by 
the tum-on of said 2nd solid state switch, 

The high- voltage pulse generating circuit characterized by performing generating of the high- voltage pulse in 
said inductor accompanying the tum-ofif of said 1st solid state switch by the turn-off of said 2nd solid state 
switch. 
[Claim 4] 

In a high- voltage pulse generating circuit given in any 1 term of claims 1-3, 
Said inductor, 
Primary coil, 

The high- voltage pulse generating circuit characterized by having the secondary coil magnetically combined 
with said primary coil. 
[Claim 5] 

In a high-voltage pulse generating circuit according to claim 4, 

Said secondeuy coil is a high- voltage pulse generating circuit characterized by being more number of turns than 
the number of turns of said primary coil. 
[Claim 6] 

In a high- voltage pulse generating circuit given in any 1 terai of claims 1-3, 
Said inductor. 
Primary coil. 

The high- voltage pulse generating circuit characterized by having the secondary coil combined without 
insulating with said primary coil in direct current. 
[Claim 7] 

In a high- voltage pulse generating circuit according to claim 6, 

the ** which does not insulate said secondary coil with said primary coil in direct current — said primary coil ~ 
****--** — the high- voltage pulse generating circuit which a guide peg is rolled and carried out and is 
characterized by being constituted so that it may become. 
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[Claim 8] 

In a high- voltage pvilse generating circuit given in any 1 term of claims 1-7, 

Said inductor is a high-voltage pulse generating circuit characterized by having a magnetic-substance core. 
[Claim 9] 

In a high-voltage pulse generating circuit given in any 1 term of claims 1-8, 

Said 1st solid state switch is a high- voltage pulse generating circuit characterized by having the device of an 
armature- voltage control form at the time of a current control form and a tum-on at the time of a tum-oflF. 
[Claim 10] 

In a high-voltage pulse generating circuit given in any 1 term of claims 1-9, 

Said 1 St solid state switch is a high- voltage pulse generating circuit characterized by having the device of a self- 
extinction of arc form or a conmiutation extinction of arc form. 
[Claim 11] 

In a high-voltage pulse generating circuit according to claim 10, 

Said 1st solid state switch is a high- voltage pulse generating circuit characterized by having an electrostatic- 
induction thyristor. 
[Claim 12] 

In a high- voltage pulse generating circuit given in any 1 term of claims 1-11, 

Said 2nd solid state switch is a high- voltage pulse generating circuit characterized by having the device of a 
self-extinction of arc form or a commutation extinction of arc form. 
[Claim 13] 

In a high- voltage pulse generating circuit according to claim 12, 

said 2nd solid state swdtch — power — public funds — the high- voltage pulse generating circuit characterized by 
having a group oxidization semi-conductor field-effect transistor. 

[Claim 14] 

In a high- voltage pulse generating circuit given in any 1 term of claims 3-13, 

The high-voltage pulse generating circuit characterized by connecting the circuit element which makes said DC 
power-supply section revive the residual energy in said inductor in the tum-off of said 2nd solid state switch, 
[Claim 15] 

In a high- voltage pulse generating circuit according to claim 14, 
Said circuit element. 

The high- voltage pulse generating circuit characterized by having the diode by which connected with 
juxtaposition to said 1st solid state switch, and the cathode terminal was connected to said anode terminal of 
said 1st solid state switch. 
[Claim 16] 

In a high- voltage pulse generating circuit according to claim 14, 
Said circuit element, 

The high- voltage pulse generating circuit characterized by having the diode by which the anode terminal was 
connected between said DC-power-supply section and said 2nd solid state switch, and the cathode terminal was 
connected to said end of said inductor. 
[Claim 17] 

In a high-voltage pulse generating circuit given in any 1 term of claims 3-16, 

The high- voltage pulse generating circuit characterized by having the path which carries out conmiutation of th< 
current which flows to said 1st solid state switch in the tum-off of said 2nd solid state switch. 
[Claim 18] 

In a high- voltage pulse generating circuit according to claim 17, 

The high- voltage pulse generating circuit characterized by connecting said path to said^lst solid state switch anc 

juxtaposition. 

[Claim 19] 

In a high- voltage pulse generating circuit according to claim 18, 

Said path is a high- voltage pulse generating circuit characterized by having the capacitor connected between the 
anode terminal of said 1st solid state switch, and the cathode terminal. 
[Claun 20] 

In a high- voltage pulse generating circuit according to claim 1 8, 
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Said path is a high-voltage pulse generating circuit characterized by having the capacitor connected between the 
gate terminal of said 1 st solid state switch, and the anode terminal. 
[Claim 21] 

In a high- voltage pulse generating circuit given in any 1 term of claims 1-20, 
When the load is connected to said inductor. 

The high- voltage pulse generating circuit characterized by connecting the capacitor to said load at jiixtaposition 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the high-voltage pulse generating circuit which can supply the high-voltage pulse 
which has very short build up time and very narrow pulse width by opening the electromagnetic energy stored 
up in the inductor from the DC-power-supply section of a low electrical potential difference in easy circuitry. 
[0002] 

[Description of the Prior Art] 

Although the technique of performing deordorization, sterilization, decomposition of harmful gas, etc. has come 
to be adapted with the plasma by discharge of a high- voltage pulse recently, in order to generate this plasma, th< 
high-voltage pulse generating circuit which can supply the pulse with very narrow width of face of the high 
voltage is needed. 
[0003] 

The charging equipment 102 which abbreviation etc. is in the peak value of a high- voltage pulse by carrying 
out, and generates the direct-current high voltage as the conventional high-voltage pulse generating circuit 100 
is shown in drawing 15 , The capacitor 104 charged by the direct-current high voltage from this charging 
equipment 102, The switch 108 by the semiconductor devices 106, such as two or more electrostatic-induction 
thyristors (it is hereafter described as SI thyristor) by which series connection was carried out in order to obtain 
big withstand voltage, It has the load 110 with which the direct-current high voltage charged by the capacitor 
104 by high-speed switching of this switch 108 is supplied as a high- voltage pulse (for example, patent 
reference 1 reference). 
[0004] 

In order to carry out the tum-on of these semiconductor devices 106, the gate drive circuit 1 12 is connected to 
each semiconductor device 106. Moreover, in order to make small imbalance of the assignment electrical 
potential difference of each semiconductor device 106 by dispersion in the impedance at the time of un-flowing 
[ of each semiconductor device 106 ], the balancer resistance 1 14 is connected to the semiconductor device 106 
at juxtaposition. 
[0005] 

That is, the many series circuits 116 which become a serial from two or more semiconductor devices 106 and 
the balancer resistance 1 14 to a load 1 10 are connected to the high- voltage pulse generating circuit 100. 

[0006] 

On the other hand, as shown in drawing 16 , when the high- voltage pulse generating circuit 118 concerning the 
example of a proposal carries out the tum-on of the solid state switch 126, the current of the magnitude of 
abbreviation E/R flows from DC power supply 120 (supply voltage E) to primary coil -> solid state switch 126 • 
> DC power supply 120 of 1 tum of resistance 136 (resistance R) -> each magnetic-substance core 128. 
[0007] 

Since the current of the same magnitude also as the secondary coil of 1 tum of each magnetic-substance core 
128 flows via the gate-cathode of each semiconductor device 134 according to a transformer operation of the 
magnetic-substance core 128 at this time, the tum-on of all the semiconductor devices 134 will be carried out to 
coincidence (for example, nonpatent literature 1 reference). 
[0008] 
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Since the semicx>nductor device 134 by which series connection was carried out to the solid state switch 126 
flows by this, the electrical potential difference of Abbreviation E is impressed to an inductor 138, Current IL 
increases in tiie shape of a straight line, and goes, and electromagnetic energy is accxmiulated in an inductor. 
[0009] 

The current IL which flows to an inductor 138 increases, and if the turn-off of the solid state switch 126 is 
carried out, since the path for which the current of an inductor flows tends to be severed in the phase where 
desired electromagnetic energy was accumulated, the induced voltage by the residued electromagnetic energy of 
an inductor occurs in reversed polarity. 
[0010] 

Consequently, diode 140 flows and the current of an inductor comes to flow succeedingly in the path of the 
primary coil -> diode 140 -> inductor 138 of inductor 138 -> each magnetic-substance core 128 of 
semiconductor device 134 -> each. At this time, the current of the same magnitude also as the secondary coil of 
each magnetic-substance core flows. 
[0011] 

That is, as for all the currents that flow into the anode of each semiconductor device 134, to outflow and a 
cathode, a current will not flow to the gate. This current flows until the charge accimiulated in the 
semiconductor device 134 is emitted, the big voltage drop for a current path in this condition — not being 
generated ~ time amount — since a short time, reduction of the current of an inductor is slight and there 

is also little reduction of the electromagnetic energy of an inductor. 
[0012] 

The electrical potential difference between anode-cathodes also takes action steeply for a semiconductor device 
134 to shift to an OFF state with emission of this charge, form the depletion layer quickly, and charge an 
inductor current with the little electric capacity by this. For this reason, an inductor electrical potential 
difference increases quickly and a current decreases quickly. In other words, the electromagnetic energy of an 
inductor will shift to the capacity between anode-cathodes of a semiconductor device 134 as electrostatic 
energy. Since this electrical potential difference is supplied also to a load 142, the electrostatic energy by the 
electromagnetic energy of an inductor and the capacity between anode-cathodes of a semiconductor device 134 
is consumed by the load by the process of this shift. 
[0013] 

In the high- voltage pulse generating circuit 1 18, a low battery is sufficient as DC power supply 120, and the 
tum-on and tum-off of a semiconductor device 134 are performed only with the secondary current of the 
magnetic-substance core 128, and it enables it for a gate drive circuit to become unnecessary and to simplify 
equipment. 
[0014] 

[Patent reference 1] 

JP,2002-44965,A ( drawing 3 , drawing 4 ) 

[Nonpatent literature 1] The Institute of Electrical Engine^s of Japan plasma study group, lecture number PST- 

02-16 No. ( drawing 1 ) 

[0015] 

[Problem(s) to be Solved by the Invention] 

However, the conventional high- voltage pulse generating circuit 100 shown in drawing 1 5 has complicated 
circuitry. Moreover, the high voltage is impressed to all passive circuit elements including charging equipment 
102. Therefore, it is necessary to perform high voltage insulation, such as taking the large distance for 
insulation. Therefore, there is a problem of causing enlargement of the high- voltage pulse generating circuit 10( 
and increase-ization of cost. 
[0016] 

Moreover, when a part of semiconductor device 106 by which the serial was carried out carries out a tum-on by 
emergency malfunction, there is a possibility that destruction by impression of the overvoltage which exceeded 
rating to the remaining semiconductor devices 106 may arise, and there is a problem that highly reliable 
actuation is not expectable. 
[0017] 

furthermore, from it being necessary to carry out the tum-on of the semiconductor device 106 quickly, in order 
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to generate the pulse (10kV/(microsecond) or more) which starts very steeply Gap of the impression timing of 
the gate signal to a semiconductor device 106 and gap of the tum-on time of each semiconductor device 106 
Order (2n second and 3n second) also has the problem that the transient-voltage balance at the time of a tum-on 
collapses greatly, and has extraordinary difficulty compared with the case of the series connection of 
semiconductor devices (about himdreds of v/(microsecond)), such as the usual inverter. 
[0018] 

Although a low battery is sufficient as DC power supply 120, they do not have that the electrical potential 
difference more than withstand voltage is impressed to a semiconductor device 134 in emergency tum-on 
malfunction etc. and amelioration at the point is made in the high- voltage pulse generating circuit 118 which, or 
flie other hand, starts the example of a proposal shown in drawing 16 , it is very difficult to prevent collapse of 
transient- voltage balance by dispersion in the tum-off time of a semiconductor device 1 34 at the time of the 
tum-ofif performed quickly. That is, the problem accompanying series connection for two or more 
semiconductor devices exists as usual. 
[0019] 

Furthermore, since two or more magnetic-substance cores are allotted to the series circuit of diode 140, In a 
physical distance by this, and a list by existence of the inductance by the leakage between the primary coil of 
finite and a secondary coil The commutation to the diode 140 of the inductor current by the tum-ofif of a solid 
state switch 126 takes time amount. The rate of increase of the tum-off gate current of a semiconductor device 
134 will be stopped, while the current was flowing to the cathode of a semiconductor device 134, a depletion 
layer began (a tum off gain becoming one or more) to spread, and there was a possibility of becoming unstable, 
in a steep tum-ofif. 
[0020] 

This invention is made in consideration of such a problem, and without using two or more solid state switches 
to which the high voltage is impressed, it is easy circuitry and aims at ofifering the high-voltage pulse generating 
circuit which enabled it to supply steep build up time and the high- voltage pulse which has very narrow pulse 
width. 
[0021] 

[Means for Solving the Problem] 

The high- voltage pulse generating circuit concerning this invention to the both ends of the DC-power-supply 
section An inductor, The 1st solid state switch (it is desirable that a voltage rating is high as much as possible) 
and 2nd solid state switch (the low voltage rating which is DC-power-supply electrical-potential-difference 
extent is sufficient) are connected to a serial. It constitutes from a very easy circuit which connected diode so 
that it might become the other end of said inductor by which the end was connected to the anode terminal of 
said 1 St solid state switch with an anode at a cathode and the control (gate) terminal of said 1st solid state 
switch. 
[0022] 

First, by carrying out the tum-on of said 2nd solid state switch, it flows also through the 1 st solid state switch, 
the electrical potential difference of the DC-power-supply section is impressed to said inductor, and inductive 
energy is accumulated in this inductor. Then, if the tum-ofif of said 2nd solid state switch is carried out, in order 
to carry out the tum-off also of said 1 st solid state switch quickly, the high-voltage pulse with very narrow 
width of face which starts to said inductor very steeply will occur. 
[0023] 

A high-voltage pulse is generated by said inductor, and the load which receives supply of a high- voltage pulse 
may be connected or connected to this inductor and juxtaposition at said 1st solid state switch and juxtaposition 

[0024] 

Moreover, you may make it have the secondary coil magnetically combined with the primary coil and this 
primary coil in said inductor in this invention. In this invention mentioned above, since abbreviation etc. is in 
the electrical potential difference generated in said inductor by carrying out and an electrical potential 
difference is impressed also to said 1 st solid state switch, the electrical potential difference generated in said 
inductor cannot be set up more than the withstand voltage of said 1st solid state switch. 
[0025] 
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Therefore, when the output voltage beyond this is required, said secondary coil is made into more number of 
turns than the number of turns of said primary coil, and it is made to generate the high-voltage pulse which has 
an electrical potential difference higher than the wittistand voltage of said 1 st solid state switch in the secondary 
coil of this inductor. 
[0026] 

Moreover, you may make it have the secondary coil combined without insulating the secondary coil of said 
inductor with a primary coil in direct current in this invention, in this case, a primary coil — ***♦ — ** ~ a 
secondary coil is coiled and added so that it may become, and you may make it take out the high- voltage pulse 
which has the electrical potential difference by which the both ends of a primary coil and a secondary coil were 
totaled 
[0027] 

And in order for ****** to make dense magnetic coupling between a primary coil and a secondary coil when it 
constitutes an inductor using an above-mentioned primary coil and an above-mentioned secondary coil, and to 
control generating of leakage flux, as for an inductor, it is desirable to suppose that a magnetic-substance core is 
entered, 
[0028] 

Here, the device used as the 1st solid state switch is explained briefly. In this invention, the device of the device 
of a current control form, a self-extinction of arc form, or a commutation extinction of arc form can be used as 
the 1st solid state switch. Specifically, SI thyristor, GTO (gate turn-off thyristor) and SIT (static induction 
transistor), a bipolar transistor, a thyristor, etc. can be used. SI thyristor is suitable, when it is said current 
control form like GTO also in it, and the thyristor of a self-extinction of arc form is suitable and a device with 
an early tum-on tum-off rate is especially required for generating of a shortest breadth pulse. When this SI 
thyristor has the comparatively loose current R/C at the time of a tum-on, the tum-on by the electric field effect 
of it becomes possible only by impressing some forward electrical potential difference between gate-cathodes. 
[0029] 

Moreover, on the occasion of a tum-off, it is beginning to pass a current from the gate, and the charge 
accumulated in the interior of a device is extinguished, a depletion layer is formed, and a tum-off is attained. 
When it is used for the usual inverter etc., a tum-off can be attained, if the drawing of a charge is completed 
even if one or more, i.e., gate cvirrent, has a turn off gain smaller than anode current and the rate of increase of 
this current is not large. 
[0030] 

However, when a steep tum-off needs to be performed like a pulse power application, it is necessary to attain 
that this tum-off gate current is the same as anode ciirrent (a turn off gain is 1 in this case), and the ideal and 
stabilized tum-off when cathodic current serves as zero before the drawing of the charge which was increased 
quickly more greatly than it (a turn off gain is one or less in this case), and was accumulated in the interior of a 
device is completed. 
[0031] 

however — usually — anode cxirrent — large — therefore, a tum off gain — 1 thru/or less than [ it ] — and — being 
steep (time amoimt until it becomes equal to anode current about tenn second less than) — in order to carry out a 
tum-off, it is very difficult to pass such a current from the gate in the usually used gate drive circuit, and it is no 
practical. 
[0032] 

The high- voltage pulse generating circuit concerning this invention has the function which can make a tum off 

gain one or less seemingly, without using such a gate drive circuit. 

[0033] 

On the other hand, as the 2nd solid state switch, the device of a self-extinction of arc form or a commutation 
extinction of arc form can be used. For example, the metal oxidization semi-conductor field-effect transistor for 
power is suitable. 
[0034] 

Moreover, you may make it connect the circuit element which makes said DC-power-supply section revive the 

residual energy in said inductor in the tum-off of said 2nd solid state switch in this invention. 

[0035] 
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In this case, said circuit element is connected to juxtaposition to said 1 st solid state switch. And may make it 
have the diode by which the cathode temiinal was connected to said anode teraiinal of said 1st solid state 
switch, and Or you may make it have the diode by which the anode terminal was connected between said DC- 
power-supply section and said 2nd solid state switch, and the cathode terminal was connected to said end of 
said inductor. 
[0036] 

If the load is connected to the residual energy in said inductor, for example, an inductor, by this configuration, 
actuation which returns the excessive energy (energy which is not used) of this load to the DC-power-supply 
section will be performed, and it will contribute to efHcient-ization of a power source. 
[0037] 

Moreover, you may make it have the path to which conmiutation of the current which flows to said 1st solid 
state switch in the turn-off of said 2nd solid state switch is carried out in this invention. This path may be 
connected to said 1 st soHd state switch and juxtaposition. 
[0038] 

In this case, you may make it said path have the capacitor which you may make it have the capacitor connected 
between the anode terminal of said 1st solid state switch, and the cathode terminal, or was connected between 
the gate terminal of said 1st solid state switch, and the anode terminal. 

[0039] 

Thereby, the operating duty of the 1st solid state switch can be mitigated, and reduction of the switching loss of 
the 1st solid state switch and improvement in a current cutoff tolerated dose can be aimed at. Especially the 
improvement in a current cutoff tolerated dose leads to large capacity-ization of a pulse power source. 
[0040] 

Moreover, although the excitation inductance of an inductor will be joined by big surge voltage at the 1 st solid 
state switch when the 1st solid state switch intercepts a high current at high speed, by connecting an above- 
mentioned path, said surge voltage can be stopped and improvement in the.dependability of the 1st solid state 
switch can be aimed at. 
[0041] 

And although the voltage buildup rate (dv/dt) at the time of a turn-off may not be able to be made not much 
high depending on the 1st solid state switch to be used, it can adjust by the capacity of said capacitor to the 
voltage buildup rate (dv/dt) of the level which can permit the 1st solid state switch used for an above-mentioned 
path by connecting a capacitor. 
[0042] 

In addition, when a capacitor is connected to said path, since many of energy which remained in the capacitor is 
revived by the DC-power-supply section, there is little degradation by connecting a capacitor to said path. 
[0043] 

Moreover, when the load is connected to said inductor, you may make it connect a capacitor to said load in this 
invention at juxtaposition. In this case, after current cutoff operating by the 1st solid state switch, it becomes 
easy to commutate the excitation inductance of an inductor to a load. In this case, the reduction of switching 
loss and the improvement in a current cutoff tolerated dose in flie 1st solid state switch can be aimed at like the 
effectiveness which connected the path mentioned above. Moreover, the energy accumulated in the load at said 
excitation inductance can be absorbed, and the surge voltage generated in an excitation inductance can be 
controlled. Since many of energy which remained in the capacitor also in this case is revived by the DC-power- 
supply section, there is little degradation by connecting a capacitor to said path. 
[0044] 

Moreover, you may make it the high- voltage pulse generating circuit concerning this invention have the 
resistance connected between the inductor, the 1st solid state switch and the 2nd solid state switch by which the 
series connection was carried out to the both ends of the DC-power-supply section, and the other end of said 
inductor by which the end was connected to the anode terminal of said 1 st solid state switch and the gate 
terminal of said 1st solid state switch. 
[0045] 

Thereby, when carrying out the tum-on of the 2nd solid state switch, the tum-on of the 1st solid state switch car 
be carried out more certainly. Although a tum-on is not carried out unless it slushes a current into the gate when 
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the 1st solid state switch is especially constituted from a device of a current control form, the turn-on of the 1st 

solid state switch can be certainly carried out by connecting resistance as mentioned above. 

[0046] 

In addition, in the configuration using above-mentioned resistance, when supply voltage used in the DC-power- 
supply section is made into the high voltage, it can constitute from low cost. 
[0047] 

[Embodiment of the Invention] 

Hereafter, the example of a gestalt of some operations of the high-voltage pulse generating circuit concerning 

this invention is explained, referring to drawing 1 - drawing 14 . 

[0048] 

High- voltage pulse generating circuit 1 OA concerning the gestalt of the 1 st operation To the both ends 42 and 
44 of the DC-power-supply section 12 which has the capacitor 24 which makes low DC power supply 22 and a 
high frequency impedance The other end 42 of an inductor 32 which carries out the series connection of an 
inductor 32, the 1st solid state switch 34, and the 2nd solid state switch 14 and by which the end 44 was further 
connected to the anode terminal A of the 1st solid state switch 34, Insertion connection of the diode 36 is made, 
and the load 20 which needs a high- voltage pulse is connected and constituted by an inductor 32 and 
juxtaposition so that the control terminal G side may serve as an anode between the control terminals (gate 
terminal) G of the 1 st solid state switch 34. 
[0049] 

Although the 2nd solid state switch 14 is formed in the negative-electrode terminal 48 side of the DC-power- 
supply section 12 in the example of drawing 1 , even if it prepares in the positive-electrode terminal 46 side, it 
cannot be overemphasized that the same effectiveness is brought about. Moreover, a load 20 is not in parallel 
with an inductor 32, either, and may be connected to the 1st solid state switch 34 and juxtaposition. 
[0050] 

Although the device of a self-extinction of arc form or a commutation extinction of arc form can be used for the 
2nd solid state switch 14 The group oxidization semi-conductor field-effect transistor (it is hereafter described 
as power metal-oxide semiconductor field effect transistor) 26 is used, the power in which the avalanche form 
diode 30 was built by reverse jiixtaposition with the gestalt of this 1 st operation ~ public funds ~ with this 
power metal-oxide semiconductor field effect transistor 26 It connects with gate terminal G of power metal- 
oxide semiconductor field effect transistor 26, and the source terminal S, and consists of gate drive circuits 28 
which control ON and OFF of power metal-oxide semiconductor field effect transistor 26. 
[0051] 

Although the device of the device of a current control form, a self-extinction of arc form, or a conmiutation 
extinction of arc form can be used for the 1 st solid state switch 34, with the gestalt of this 1 st operation, high SI 
thyristor of a voltage rating is used for it very greatly [ the tolerated dose to the voltage buildup rate (dv/dt) at 
the time of a turn-off]. 
[0052] 

Next, the time amovmt progress whose high-voltage pulse generating circuit lOA concerning the gestalt of this 
1st operation supplies the high- voltage pulse VL to a load 20 is explained, referring to the circuit diagram of 
drawing 1 , and the wave form chart of drawing 2 A - drawing 2 E of operation. 
[0053] 

first, tfie time t ~ in 0, a control signal Vc (refer to drawing 2 E) is supplied between the gate-soxirces of power 
metal-oxide semiconductor field effect transistor 26 from the gate drive circuit 28, and power metal-oxide 
semiconductor field effect transistor 26 is turned on from OFF (refer to drawing 2 D). 
[0054] 

At this time, the tum-on of the 1st solid state switch 34 is carried out with the very big impedance of the 
reversed polarity of diode 36 according to the electric field effect just impressed between Gate G and Cathode 
K. Since the standup of the anode current of the 1st solid state switch 34 is controlled by the inductor 32, a tum- 
on only with the normal electric field effect is performed. In addition, it cannot be overemphasized that 
resistance may be connected to diode 36 and juxtaposition, or gate current may be positively passed from other 
power sources to gate terminal G of the 1st solid state switch 34 through resistance. 
[0055] 
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thus, the time t ~ if the 2nd solid state switch 14 and 1st solid state switch 34 flow in 0, the abbreviation DC- 
power-supply electrical potential difference E will be impressed to an inductor 32, and if the inductance of an 
inductor 32 is set to L, as shown in drawing 2 A, the current IL of an inductor 32 will increase in the shape of a 
straight line in connection with the passage of time with inclination (EL). 
[0056] 

said current IL — Time t — if a current serves as Ip (= ETO/L) by 1 and desired electromagnetic energy (= Lip 
2/2) is obtained, the control signal supply from the gate drive circuit 28 will be suspended, and the tum-off of 
the power metal-oxide semiconductor field effect transistor 26 will be carried out (refer to drawing 2 E). 
[0057] 

If the suspension inductance (mainly wiring inductance) which is not illustrated other than inductor 32 which 
exists in the conduction path of said current IL at this time is large, power metal-oxide semiconductor field 
effect transistor 26 will not be in a cut off state in an instant, but a little, if there is time amount to which a 
cxirrent continues flowing, the output capacitance of power metal-oxide semiconductor field effect transistor 26 
is charged and the avalanche electrical potential difference of diode 30 is reached, it will flow, while this diode 
30 had had an avalanche electrical potential difference, and big loss will be generated. For this reason, it is 
made for diode 30 not to result to an avalanche, and an almost ideal tum-off is made to be performed by 
reducing said suspension inductance as much as possible. 
[0058] 

Since the current from the cathode K of the 1st solid state switch 34 also becomes zero, i.e., an open condition, 
when power metal-oxide semiconductor field effect transistor 26 carries out a tum-off, Although the current IL 
which was flowing to the inductor 32 is intercepted and an inductor 32 tends to generate reverse induced 
voltage by residual electromagnetic energy Diode 36 acts and the current IL of an inductor 32 is commutated to 
the path of the cathode of the anode -> diode 36 of the gate G-> diode 36 of the anode A-> 1st solid state switch 
34 of the 1st solid state switch 34. 
[0059] 

In this case, it is necessary to also make low the suspension inductance of the branch circuit where diode 36 
exists, and as much as possible, it is necessary to consider it so that commutation may be completed for a short 
time. The 1st solid state switch 34 has few voltage drops of the above-^mentioned path, in order to maintain 
sjvitch-on between the anode-gates of the 1st solid state switch 34 until the charge is accumulated by the cxirreni 
which was flowing until now and this charge serves as zero (storage period). 
[0060] 

Therefore, although there is almost no reduction of said current IL within the short storage period (time amount 
Tl of drawing 2 A) of time amount since the reverse induced voltage VL of an inductor 32 is stopped by the 
sufficiently low value, this time amount Tl is decided by the amount of charges drawn out from gate terminal 
[ of the 1st solid state switch 34 ] G. Therefore, it is necessary to make the turn off gain on a sink and 
appearance or less into one for the biggest possible current (for more than anode current to be unable to pass in 
the case of the gestalt of this 1 st operation) steeply, to shorten time amount Tl, and to suppress reduction of the 
current IL of an inductor 32 as much as possible. 
[0061] 

Time t — the drawing of the charge accumulated in the interior of the 1 st solid state switch 34 by 2 is completed 
and a depletion layer starts breadth and tum-off actuation from a gate side to an anode side in a cathode side list 
With the amount decided by built-in potential, the electrical potential difference concerning junction increases, 
a depletion layer is expanded as a tum-off advances, and finally it reaches near the anode. 
[0062] 

Therefore, the electric capacity by the depletion layer changes from the saturation state (switch-on) in which 
many active charges exist to the little electric capacity decided by structure. The current by the electromagnetic 
energy of an inductor 32 flows to the anode -> gate succeedingly, and charges the electric capacity of this 
depletion layer. For large electric capacity, although this charge electrical potential difference VAG, i.e., the 
electrical potential difference between the anode-gates of the 1st solid state switch 34, rises comparatively 
gently, it rises quickly with the flare of a depletion layer in the beginning. 
[0063] 

Time t — if Current IL becomes zero by 3, as shown in drawing 2 B and drawing 2 C, electrical potential 
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differences VAG and VL will serve as max, and will serve as VAP and VLP, respectively. It means that all the 
electromagnetic energy of an inductor 32 had shifted to the electric capacity of the depletion layer of the 1st 
solid state switch 34 at this time. 
[0064] 

Moreover, since this phenomenon is resonance actuation by the inductance of an inductor 32, and the electric 
capacity of the 1st solid state switch 34, in the current IL of an inductor 32, a cosine wave and the electrical 
potential difference VAG between the anode-gates of the 1st solid state switch 34 serve as a sinusoidal form 
mostly. 
[0065] 

Therefore, the width of face of the pulse generated for the load of this inductor 32 and juxtaposition in inductor 
32 list is controllable by choosing the value of the inductance of the inductor 32 which can determine a constant 
freely. That is, if equivalent capacity of the electric capacity of the 1st solid state switch 34 is set to C, it is pulse 
width Tp, 
[0066] 
[Equation 1] 



Tpmjt^LC 



[0067] 

It becomes. 

[0068] 

Time t ~ the charge stored in the electric capacity of the depletion layer of the 1st solid state switch 34 charged 
by Maximum VAP by 3 — continuation of resonance phenomena — an inductor 32 and stored charge — hard 
flow -- the path of the diode 36 of switch-on - discharge ~ starting -- Time t -- diode 36 carries out reverse 
recovery by 4, and it continues until it is un-flowing. Time t — if energy remains by 4 in the electric capacity of 
the depletion layer of an inductor 32 and the 1st solid state switch 34, the current by this energy will flow in the 
path of the cathode K-> anode A of the diode 30 -> 1st solid state switch 34 of the DC-power-supply section 12 
-> 2nd solid state switch 14. 
[0069] 

It becomes regeneration actuation, the energy which remains in the electric capacity of the depletion layer of an 
inductor 32 and the 1st solid state switch 34 is revived, and time amount T four which flows in the DC-power- 
supply section 12 contributes to improvement in operation effectiveness greatly. Therefore, the reverse recover) 
time of diode 36 is shortened as much as possible, and it becomes important to shorten time amount T3. 
[0070] 

Although it is the thing of linearity like a resistance load equivalent and the load 20 was explained by the above 
explanation, as it is shown in drawing 5 , by nonlinear thing [ like a discharging gap 50 ] whose load 20 is, load 
impedance decreases rapidly dviring the rise of an electrical potential difference, and although a subsequent 
wave becomes a thing different from drawing 2 B or drawing 2 C, it turns into a wave of the shape of a pulse 
with pulse width narrower than the wave of drawing 2 B or drawing 2 C in this case. 
[0071] 

By the way, in high- voltage pulse generating circuit lOA concerning the gestalt of the 1st operation shown in 
drawing 1 , since the electrical potential difference VAK between anode-cathodes of the 1st solid state switch 
34 is ahnost the same as the electrical potential difference of an inductor 32, in an inductor 32, the pulse output 
of the electrical potential difference more than the tolerated dose of the electrical potential difference VAK 
between anode-cathodes of this 1st solid state switch 34 cannot be carried out. 
[0072] 

Then, the high-voltage pulse generating circuits lOB and IOC concerning the gestalt of the 2nd shown in 
drawing 3 and drawing 4 and the 3rd operation become suitable to output the electrical potential difference 
more than the tolerated dose of the electrical potential difference VAK between anode-cathodes of the 1st solid 
state switch 34. 
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[0073] 

First, although high- voltage pulse generating circuit lOB concerning the gestalt of this 2nd operation has the 
almost same configuration as high- voltage pulse generating circuit lOA concerning the gestalt of the 1st 
operation mentioned above as shown in drawing 3 , it differs in that an inductor 32 is magnetically combined 
with the primary coil 33 and this primary coil 33, and it has the secondary coil 38 of more number of turns than 
the number of turns of the primary coil 33. 
[0074] 

the ** which an inductor 32 does not insulate in direct cxirrent to the primary coil 33 and this primary coil 33 as 
high- voltage pulse generating circuit lOB concerning the gestalt of the 3rd operation is shown in drawing 4 on 
the other hand — the primary coil 33 — **** — ** ~ it differs in that it has the secondary coil 38 which coiled 
and carried out the guide peg so that it might become. 
[0075] 

In the gestalt of these [ 2nd ] and the 3rd operation, in order to make dense magnetic coupling between the 
primary coil 33 and the secondary coil 38 and to control generating of leakage flux, twisting aroimd a magnetic- 
substance core is desirable. 
[0076] 

And in high-voltage pulse generating circuit lOB which starts [ number of turns / of the primary coil 33 ] N2, 
then the gestalt of this 2nd operation in the nxmiber of tums of 1 or secondary N coil, the electrical potential 
difference of VAGxN2 / Nl can be outputted to a load 20. On the other hand, in the case of high- voltage pulse 
generating circuit IOC concerning the gestalt of the 3rd operation, the electrical potential difference of VAGx 
(N 1 +N2) / Nl can be outputted to a load 20. 
[0077] 

In addition, although the number of tums of the secondary coil 38 were made [ many ] and made into additive 
polarity rattier than the number of tums of the primary coil 33 with the gestalt of the 2nd operation, the number 
of tums of the secondary coil 38 are made fewer than the number of tums of the primary coil 33, and it is good 
also as subtractive polarity. 
[0078] 

moreover, the ** which does not insulate the secondary coil 38 in direct current to this primary coil 33 with the 
gestalt of the 3rd operation — the primary coil 33 ~ ****--**— the guide peg was wound and carried out and i 
constituted so that it might become, but as it winds, the secondary coil 38 may be constituted so fliat it may be 
depolarized at the primary coil 33. 
[0079] 

This can realize the secondary coil 38 by twisting for example, around a magnetic-substance core to the reverse 
sense with the case of **♦*. Thereby, the sense of the positive electrode of an outgoing end and a negative 
electrode becomes reverse, therefore --**** ~ to output voltage =VAGx at the time (N1+N2) / Nl , it is set to 
output voltage =VAGx (N1-N2) / Nl, and becomes subtractive polarity. The configuration of this subtractive 
polarity is effective when the solid state switch which has the super-high pressure-proofing which used the 
compound semiconductor etc. as the 1st solid state switch 34 is applied. 
[0080] 

Next, it explains, referring to drawing 5 - drawing 7 about high- voltage pulse generating circuit lOD concerning 
the gestalt of the 4th operation. In addition, explanation of high- voltage pulse generating circuit lOD conceminj 
the gestalt of this 4th operation explains the case where a discharging gap 50 is used as a load 20. 
[0081] 

Although high- voltage pulse generating circuit lOD concerning the gestalt of this 4th operation has the almost 
same configuration as high- voltage pulse generating circuit lOB (refer to drawing 3 ) concerning the gestalt of 
the 2nd operation mentioned above, as shown in drawing 5 , it diflFers in that it has the diode 52 connected to 
juxtaposition to the 1st solid state switch 34. An anode terminal and a cathode terminal are connected to the 1st 
cathode terminal and anode terminal of a solid state switch 34, and antiparallel connection of this diode 52 is 
carried out to the 1st solid state switch 34. 
[0082] 

Although what connected two diodes 36a and 36b to juxtaposition is used in the example of drawing 5 as diode 
36 connected with the other end 42 of an inductor 32 between the gate electrodes G of the 1st solid state switch 
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34, the operation and a function are almost the same as the diode 36 in high- voltage pulse generating circuit 

lOA concerning the gestalt of the 1st operation. 

[0083] 

And also in high-voltage pulse generating circuit lOD concerning the gestalt of this 4th operation, by turning on 
power metal-oxide semiconductor field effect transistor 26, as shown in the path 54 of drawing 5 , a cxirrent 
flows to the excitation inductance of an inductor 32, and energy is accumulated. Then, in turning off power 
metal-oxide semiconductor field effect transistor 26, as shown in the path 56 of drawing 5 , the current which 
was flowing for the cathode terminal K fi-om the anode terminal A of the 1 st solid state switch 34 will 
commutate to gate terminal G fi^om the anode terminal A, the charge which remains inside the 1st solid state 
switch 34 will be drawn out fii-om the gate, and the 1st solid state switch 34 will carry out a tum-off. 
[0084] 

When the 1st solid state switch 34 carries out a tum-off, as shown in drawing 6 , the current which was flowing 
to the excitation inductance of an inductor 32 commutates to a load 20 through an inductor 32. At this time, a 
big pulse voltage will occur in an inductor 32, and discharge will occur in the discharging gap 50 of a load 20. 

[0085] 

Since the capacity component on which the general solid state switch containing the 1 st solid state switch 34 is 
parasitic exists at this time, not all the currents to commutate flow for a load 20, and a current flows for charge 
of the parasitic capacitance of the 1 st solid state switch 34. 
[0086] 

Although energy is consumed by discharge when a load 20 is a capacitive load like a discharging gap 50, all 

may not be consumed or energy may remain mostly, without discharge taking place. 

[0087] 

In this case, the remaining charge is emitted through the excitation inductance of an inductor 32 (a current is 
flow to the excitation inductance of an inductor 32), and energy moves to the excitation inductance of an 
inductor 32 again. 
[0088] 

When the charge with which the load 20 was covered is lost and energy finishes moving to an excitation 
inductance, as shown in drawing 7 , a current will flow in two paths (the 1st and 2nd paths 60 and 62). 
[0089] 

The 1st path 60 is a path which faces to a load 20 once again, and the 2nd path 62 is a path which ties the DC- 
power-supply section 12, the reverse juxtaposition diode 30 of power metal-oxide semiconductor field effect 
transistor 26, and the diode 52 connected to reverse juxtaposition at the 1st solid state switch 34. 
[0090] 

However, the electrical potential difference generated in an inductor 32 at this time is clamped on the electrical 
potential difference produced for the DC-power-supply section 12 and two diodes 30 and 52, and many of 
currents flow for the 2nd path 62. The flow of the current which leads this 2nd path 62 becomes the actuation 
which revives energy to the capacitor 24 of the DC-power-supply section 12 in drawing 7 . 
[0091] 

That is, it will be called actuation of retuming the excessive energy (energy which is not used) of a load to the 
DC-power-supply section 12, and contributes to efficient-ization of the DC-power-supply section 12. 

[0092] 

Moreover, in practice, if said diode 52 cannot be found, there is a bad influence of the 2nd solid state switch 14 
malfunctioning in the noise of the shape of a pulse which it resonates by the excitation inductance and load 20 
of an inductor 32, and there is a possibility that the reverse voltage which exceeds pressure-proofing to the 1st 
solid state switch 34 as a result may be impressed, and is superimposed at this time again. Therefore, it is 
desirable to connect said diode 52 also for processing of the energy of an excitation inductance. 
[0093] 

Although high- voltage pulse generating circuit lOD concerning the gestalt of the 4th operation of a **** 
showed the case where diode 52 was connected to reverse juxtaposition to the 1st solid state switch 34 In 
addition, you may make it have the diode 64 by which the anode terminal was connected to the negative- 
electrode terminal 48 of the DC-power-supply section 12, and the cathode terminal was connected to the end of 
an inductor 32 like high- voltage pulse generating circuit lOE concerning the gestalt of the 5th operation shown 
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in drawing 8 . 
[0094] 

In this case, a current will flow in the path 66 which ties the DC-power- supply section 12 and diode 64, and 
energy will be revived by the DC-power-supply section 12. Especially, in this example, there are there being 
little loss at the time of regeneration, since the number of the diodes connected to the path of the current which 
is revived unlike an above-mentioned example (refer to drawing 5 ) is one (diode 64), and an advantage that 
regeneration effectiveness becomes good since wiring of the path of said cxirrent to revive tm be shortened 
structural. 
[0095] 

Next, the high-voltage pulse generating circuits lOF and lOG concerning the gestalt of the 6th and the 7th 

operation are explained, referring to drawing 9 - drawing 12 B. 

[0096] 

First, although high- voltage pulse generating circuit lOF concerning the gestalt of the 6th operation have the 
almost same configuration as high- voltage pulse generating circuit lOD (refer to drawing 5 ) concerning the 
gestalt of the 4th operation mentioned above, as shown in drawing 9 , they differ between the anode terminal of 
the 1st solid state switch 34, and a cathode terminal in that the capacitor 68 is connected to this 1st solid state 
switch 34 and juxtaposition. 
[0097] 

On the other hand, high- voltage pulse generating circuit lOG concerning the gestalt of the 7th operation differ 
between the anode terminal of the 1st solid state switch 34, and a gate terminal in that the capacitor 70 is 
connected to this 1st solid state switch 34 and juxtaposition, as shown in drawing 10 . 
[0098] 

Also in the high-voltage pulse generating circuits lOF and lOG concerning the gestalt of the 6th and the 7th 
operation, by and the thing for which power metal-oxide semiconductor field effect transistor 26 is tumed off 
Although the current which was flowing for the cathode terminal from the anode terminal of the 1st solid state 
switch 34 will commutate to a gate terminal from an anode terminal, the charge which remains inside the 1st 
solid state switch 34 will be drawn out from the gate and the 1st solid state switch 34 will shift to a turn-off At 
this time, as shown in drawing 1 1 , the current I A which was flowing to the 1st solid state switch 34 It will 
conmiutate to the path 74 (in the case of the gestalt of the 7th operation shown in drawing 10 ) to which the patl 
72 (in the case of the gestalt of the 6th operation shown in drawing 9 ) or capacitor 70 to which the capacitor 68 
was connected was connected, and the operating duty of the 1st solid state switch 34 will be mitigated by this. 
[0099] 

Although the anode current lA which is flowing to the 1 st solid state switch 34 is reduced with OFF of power 
metal-oxide semiconductor field effect transistor 26 as shown in drawing 12 A when not connecting said 
capacitor 68 or 70, as the electrical potential difference VAK between anode-cathodes of the 1st solid state 
switch 34 is shown in a broken line A, it will start to coincidence steeply mostly with OFF of power metal- 
oxide semiconductor field effect transistor 26. Overshoot (pulse distortion) arises at the time of this standup, 
and as shown in the broken line C of drawing 12 B, the switching loss (electrical-potential-difference x current) 
of the 1st solid state switch 34 becomes large. On the other hand, when a capacitor 68 or 70 is connected, since 
the standup of the electric2d potential difference VAK between anode-cathodes becomes loose as shown in the 
continuous line B of drawing 12 A, as shown in the continuous line D of drawing 12 B, the switching loss of th< 
1 St solid state switch 34 is reduced sharply. 
[0100] 

That is, reduction of the switching loss of the 1st solid state switch 34 and improvement in a current cutoff 

tolerated dose can be aimed at by connecting said capacitor 68 or 70. 

[0101] 

Especially the improvement in a current cutoff tolerated dose leads to large capacity-ization of a pulse power 
source. That is, the energy accumulated in the excitation inductance of an inductor 32 is because the breaking 
current of the 1st solid state switch 34 is large to the output capacitance of a power source since it is decided by 
l/2x(excitation inductance) x(breaking current of 1st solid state switch 34) 2, and it influences. 
[0102] 

Moreover, when the 1st solid state switch 34 intercepts a high current at high speed, big sxirge voltage (pulse 
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output) joins the excitation inductance of an inductor 32 at the 1st solid state switch 34. Although there is 
naturally a possibility of having a bad influence on this 1st solid state switch 34 when the electrical potential 
difference more than a voltage rating is impressed to the 1st solid state switch 34, by connecting a capacitor 68 
or 70, as mentioned above, said surge voltage can be stopped and improvement in the dependability of the 1st 
solid state switch 34 can be aimed at. 
[0103] 

Moreover, depending on the 1st solid state switch 34 to be used, the voltage bmldup rate (dv/dt) at the time of a 
turn-off may not be able to be made not much high. By connecting a capacitor 68 or 70 to juxtaposition to the 
1st solid state switch 34 as mentioned above, it can adjust by said capacitor 68 or the capacity of 70, and the 
degree of freedom of a design can be extended to the more tiian voltage buildup rate/microsecond of the level 
which can permit the 1st solid state switch 34 to be used (dv/dt), for example, IkV. 
[0104] 

In addition, when said capacitor 68 or 70 is connected, since many of energy which remained in a capacitor 68 
or 70 is revived by the DC-power-supply section 12, there is little degradation by connecting said capacitor 68 
or 70. 
[0105] 

Next, it explains, referring to drawing 13 about high- voltage pulse generating circuit lOH concerning the gestall 

of the 8th operation. 

[0106] 

Although high-voltage pulse generating circuit lOH concerning the gestalt of this 8th operation have the almost 
same configuration as high- voltage pulse generating circuit lOD (refer to drawing 5 ) concerning the gestalt of 
the 4th operation mentioned above, as shown in drawing 13 , they differ in that the capacitor 76 is connected to 
a load 20 and juxtaposition. 
[0107] 

Although the cvirrent which was flowing to the excitation inductance of an inductor 32 when the 1st solid state 
switch 34 carried out a tum-ofif also in this case will conmiutate to a load 20 through an inductor 32, after 
current cutoff operating by the 1st solid state switch 34, it becomes easy to conunutate the current which is 
flowing to the excitation inductance to a load 20 by connecting a capacitor 76 to a load 20 at juxtaposition. 
Consequently, like the high- voltage pulse generating circuits lOF and lOG concerning the gestalt of the 6th 
mentioned above and the 7th operation, miniaturization of the 1st solid state switch 34, reduction of switching 
loss, and improvement in a current cutoff tolerated dose can be aimed at, and it leads also to large capacity- 
ization of a pulse power source. 
[0108] 

Moreover, when the 1st solid state switch 34 intercepts a high current at high speed, big surge voltage (pulse 
output) joins the excitation inductance of an inductor 32 at the 1 st solid state switch 34. However, the energy 
accumulated in the excitation inductance of an inductor 32 can be absorbed by connecting a capacitor 76 to a 
load 20 at juxtaposition, and the surge voltage generated in an excitation inductance can be controlled. 
[0109] 

Moreover, since many of energy which remained in the capacitor 76 also in this case is revived by the DC- 
power-supply section 12, there is little degradation by connecting said capacitor 76. 
[0110] 

However, since it influences greatly at the pulse width of a pulse output, and the standup of a pulse voltage, 
connecting a capacitor 76 to juxtaposition at a load 20 has desirable setting of the capacitor 76 suitable for a 
specification. 
[0111] 

Next, it explains, referring to drawing 14 about high- voltage pulse generating circuit 101 concerning the gestalt 

of the 9th operation. 

[0112] 

Although high-voltage pulse generating circuit 101 concerning the gestalt of ttiis 9th operation has the almost 
same configuration as high- voltage pulse generating circuit 1 OA (refer to drawing 1 ) concerning the gestalt of 
the 1st operation mentioned above, it differs at the point which the component connected between gate terminal 
G of the 1st solid state switch 34 and the other end 42 of an inductor 32 considered as resistance 78 instead of 
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diode 36. 
[0113] 

In this case, when power metal-oxide semiconductor field effect transistor 26 is made to tum on, the tum-on of 
the 1 St solid state switch 34 can be carried out more certainly. Although a tum-on is not carried out unless it 
slushes a current into the gate when the 1 st solid state switch 34 is especially constituted from a device of a 
current control form, the tum-on of the 1st solid state switch 34 can be certainly carried out by connecting 
resistance 78 as mentioned above. 
[0114] 

In addition, in the configuration using the above-mentioned resistance 78, when supply voltage used in the DC- 
power-supply section 12 is made into the high voltage, it can constitute from low cost. That is, when diode 36 is 
connected between gate terminal G of the 1st solid state switch 34, and the other end 42 of an inductor 32, 
although two or more diodes are connected to a serial or diode (it is generally expensive) with high pressure- 
proofing is reqxiired on the problem of pressure-proofing of diode 36, if it is resistance 78, it will end with low 
cost comparatively to use the high voltage as supply voltage used in the DC-power-supply section 12. 
[0115] 

Thus, the high- voltage pulse generating circuits 1 OA- 101 concerning the gestalt of the 1st - the 9th operation are 
advantages with big not needing the gate drive circuit by the electronic circuitry where only the 1st one solid 
state switch 34 is moreover usually used for the gate drive of this 1 st solid state switch 34 as a solid state switch 
by which the high voltage is impressed to the conventional high- voltage pulse generating circuit 100 list as 
compared with the high- voltage pulse generating circuit 118 concerning the example of a proposal. 
[0116] 

Moreover, the parts to which the high voltage is generated or supplied are only the anode terminal A of the 1 st 
solid state switch 34, and the end 44 of an inductor 32, and all other circuit elements of the high- voltage pulse 
generating circuits 1 OA- 101 concerning the gestalt of the 1st - the 9th operation are good at the passive circuit 
elements of a low-battery specification. 
[0117] 

For example, case [ like the plasma decomposition by the pulse discharge of the exhaust gas of an automobile ], 
it is enough, if it can operate even from the about [ 42V ] DC power supply which are the dc-batteries of an 
automobile and there is also a number 10-V voltage rating of components. The capacitor charging equipment 
102 is needed as DC power supply, and this equipment is usually very expensive in especially the conventional 
high- voltage pulse generating circuit 100 shown in drawing 15 . 
[0118] 

Therefore, the plasma generator for decomposition of harmful gas etc. starts very steeply in a short time, and th< 
high-voltage pulse generating circuits 1 OA- 101 concerning the gestalt of the 1 st - the 9th operation can be used 
suitable for what needs the pulse which has a high voltage buildup rate (dv/dt). 
[0119] 

In addition, the high- voltage pulse generating circuit concerning this invention of the ability of various 
configurations to be taken is natural, without deviating not only from the gestalt of above-mentioned operation 
but from the sunmiary of this invention. 
[0120] 

[Effect of the Invention] 

It becomes possible to supply steep build up time and the high- voltage pulse which has very narrow pulse width 
by easy circuitry, without using two or more solid state switches to which the high voltage is impressed 
according to the high- voltage pulse generating circuit concerning this invention, as explained above. 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the high- voltage pulse generating circuit concerning the gestalt of the 1st 
operation. 

[Drawing 2] Drawing 2 A - drawing 2 E is drawing explaining the electrical potential difference of each part of 
the high- voltage pulse generating circuit concerning the gestalt of the 1st operation, and the wave of a cvirrent o: 
operation, 

[Drawing 3] It is drawing showing the high- voltage pulse generating circuit concerning the gestalt of the 2nd 
operation. 
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[Drawing 4] It is drawing showing the high-voltage pulse generating circuit concerning the gestalt of the 3rd 

operation. 

[Drawing 5] It is drawing showing the high-voltage pulse generating circuit concerning the gestalt of the 4th 
operation. 

[Drawing 6] It is the explanatory view showing the condition that the cxirrent which was flowing to the 
excitation inductance of an inductor commutates to a load through an inductor. 
[Drawing 7] It is the explanatory view showing regeneration actuation of energy. 

[Drawing 8] It is drawing showing the high- voltage pxilse generating circuit concerning the gestalt of the 5th 
operation, 

[Drawing 9] It is drawing showing the high- voltage pulse generating circuit concerning the gestalt of the 6th 
operation. 

[Drawing 10] It is drawing showing the high- voltage pulse generating circuit concerning the gestalt of the 7th 
operation. 

[Drawing 11] The current which was flowing to the 1 st solid state switch is the explanatory view showing the 
condition of commutating to a capacitor. 

[Drawing 12] Drawing 12 A is the property Fig. showing the difference in change of the electrical potential 
difference between anode-cathodes of the 1st solid state switch at the time of connecting the case where a 
capacitor is not connected, and a capacitor, and drawing 1212 B is the property Fig, showing the difference in 
switching loss. 

[Drawing 13] It is drawing showing the high- voltage pulse generating circuit concerning the gestalt of the 8th 
operation. 

[Drawing 14] It is drawing showing the high- voltage pulse generating circuit concerning the gestalt of the 9th 
operation, 

[Drawing 15] It is drawing showing the high- voltage pulse generating circuit concerning the conventional 

technique, 

[Drawing 16] It is drawing showing the high- voltage pulse generating circuit concerning the example of a 
proposal. 

[Description of Notations] 

1 OA- 101 High-voltage pulse generating circuit 12 — DC-power-supply section 

14 — The 2nd solid state switch 20 ~ Load 

22 — DC power supply 32 — Inductor 

33~primary coil 34 — The 1st solid state switch 

36 — Diode 38— secondary coil 

50 ~ Discharging gap 52 64 — Diode 

68, 70, 76 — Capacitor 78 — Resistance 

[Translation done.] 
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* NOTICES * 

JPO and NCIPX are not responsible £or any 
damages caused i^y the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 4] 
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[Drawing 5] 
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[ Drawin g 8] 
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[Drawing 10] 
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[Drawing 16] 
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C 0 0 3 2 ] 20 

7 3fiJ*| t a» It ± . 1 JitT 2 C>J 9= 2 SBjIgt * U T I) I . 
C 0 0 3 3 ] 

Sge^^^ftX-fyf-ifUTtt, SS)«3i?f?y)3UH:^Jjit)«3ail?^<?)T'A^Ztfiffl 
[ 0 0 8 4 ] 

*f§BHr:3Vl|-7«:. figlES82<i)^^«;X'fy^o)9->;?r7lS(CffllE^>'?*?97 
[ 0 0 3 5 ] 

COJi^, «ilElal»«^t*, 1 <?)^«»X 'T y f IC>S U T^JiJlCefiEtiT,. 80 

* r 2 J; 7 C U T t d; U U . 9)2 111*. ii IE ll 51 BJ ^ flu IE SB Z <?) ¥ « # X ^ y ? ^ © 

Sic:?' / - K JB^jt^sar a. ffiiie > r ^ <?>ffliB-«ac » y - k ja^tr»»T 

[ 0 0 3 6 ] 

-7i)4iiy. S[X?Br<5)**«x:?;u=t* («t)tifti)x?yu=<*) tiiam3sapicj|-r»ff»ffi 

[ 0 0 3 7 ] 

*fgWlU«irllTB:. «l IB » 2 <?) ¥ « # 7 >f y 5= <?) ^ - > 7 « C ffl IS » 1 Q ¥ « » 40 

X'fyfica4i2€mt«£aLrtt2»»t*-r2«fe7icoTtj;u. c<?>a»ii, sasesB 

1 <?)¥«<*X'('yy>:3t5yc»l86rtl-7l)-7tJ;l). 
[ 0 0 3 8 ] 

)l(Il2*i»tt, «[lB»1<j>¥«#X'fy^<D:»'/-h-Jiii^>ra?y-HJlii^^<?)ra 
C«3a r4l.feD>T">-!^t*r2J:?r:UTtJ;HU> ?)2l)l3:BuiESSl «i>¥^<*X'fy 

• 

[ 0 0 8 9 ] 

C tic 55 1 7 y t <?)»rF ft 1)6 t »M ^ I C V tif-f ? . « 1 <?) ¥ ^ 7 

yf<?>7^yy>7a5^<?)i&M^^aMllrKS©lSl±tE2CYtf7?2. ^aii 50 



JP 2004 72?74 A 2004. 8. 4 



[ 0 0 4 0 ] 
C 0 0 4 1 ] 

oL-t) t J) $ a < ?= s II «^»f ») 1 . ±^<i>ii^cD >T'> i^t sari c ^-y. 

15 □ > T* > 0 S S -? IS S r 2 C V »f 7 9= 2 . 
C 0 0 4 Z ] 

luEiSKic □ 1^ t sa u u 7 tt . □ >T'> iMc^o ;i/=^<?) 

[ 0 0 4 8 ] 

*%aH ic ?r II T 13: , WiB -< y 9" y 9 C n.m»mmt tl-^ U 1 C . «Il5ftl5lCit 
□ ^ T-^ -9- 1 ttar 2 J: 7.C U T t J; II . C<?)»e. > ? ? <2> EDfitt > •S^ ? ^ > 

7}tif»i«?>¥«»7'fyy-?©«aaiBr»rF«cA?5cteau^t<«i. c<?)»e. ± 

i$U *.SKtS3SEL SS 1 © ^ « Z Y y ^ C it Z 7 y ? > 5" « ^ <i) 20 

ill -O Y ^ . ffllEiiffiCD >T*> 1^ t »«Er 3CVICJ:2$I)¥1&TH:'>«II. 
[ 0 0 4 4]. 

*5eMC«3 am5Afl.XfgSl5l»B:. ® Jft m 3S BP <?) iio J« C TI » IS W > ^ 

5^. »1<??¥^ft7'fy^/?i&f«2©^«ft7^y^^, «file»1©¥«ft7'fy^<?) 
7' / - h- JS^ IC -JSX^JJJSEr afeffl 15 ^'>-5^9-?ti)<ftSS-i:«ii5»1 <4)¥«tt74'y5'<Z)ir 

[ 0 0 4 5 ]. 80 

C*ICJ:';. »20^«*^Z^yft9->2(->rtt^"i:?=C. aiO^^^Z'fyft 
<fc';fillllC9->?r>rt!:2C^»f-??=?. iWC. SSlQ^^^^^X'fy^'t^JEft'JfiPPtj) 

■? icl&ffl tsar »i o>^^»x 4 y f-imnn: 9 - y 7t y ritJ -o >£Ht-B't 

J . 

[ 0 0 4 6 ] 

±^<?)fifiitfflii*.«EKc?iriiTtt, iias3iaj-f ffira n masms t amjE ^ u 

[ 0 0 4 7 ] 

i%mc!>nmc!>rfW^i 40 

[ 0 0 4 8 ] 

5^>7t■&<■r3□>r'>•^^24Vt#•r3 BSt^SSfiP 1 2<?)^«ia42jJC44lC, 4 y 
9"y 9 Z Z . »1©^«^*7'fyf34;i6f»20^^#7'fy^l4tll5'JSlSEb, 5 
-Sa44flf»1<?)¥«{*7>fy?84©7'y-h- ^ A lU rtt ^ > ? ^' 3 2 
0<ftja4 2V. »1©¥«tt7>fyf34©*'J«P«i^ (!r-Hllli^)GV<?>SC«'J«PJa^ 

mi«2otr>f>^^793 2V2t micmmt ti-zvi^t ^-z u 2 . 50 
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[ 0 0 4 9 ] 

S 1 <?) . «2<i)¥«*rz^yf1 4*lflIJS^3S851 2<?)mffiJa^48ffl!)ICSitti*t 

■7\,)l». jEttJSi^ 4 6 fflUcii It T t |Bl u «)« 1 1 ^ «> r e >: la i» T * ■? t ft u . 

At^ Z 0 t ^ y ir 9 9 S ZVJtJiJ «1 0^«ffZ'fyf'84Va?ycttau-7 

t .t: I) . 
[ 0 0 5 0 ] 

7?=ii^, c <9» 1 <?)3ii6<?)jf?iS7tt , 7 A 7 > V X >r - K 8 0 »aa w-?p]ia^ 

*l*.«:^fflSSll^b^«^*«l?a)mK7>5/'Z^' (;j«.T. A7-M0SFETVlBf) I 
etffiffiU. glA7-M08FET26^. A7-MOSFET26<4)ir-f-ja^GVy 10 
-X<a^8lCSa?-tl, A7-M08FET2 6<<)?r>;JZ/:^7t$'Jfip-r?i7--hf6S)ll 

» 2 8 ^ » «j «sr;?-tL-7 u 1 . 

[ 0 0 5 1 ] 

»i <?)^«»7>f v?' 3 4i3:.^atufflUK07'A>r7XttS5J^aB»)ii»tttem)^ap 

t ffl U T I) I . 
[ 0 0 5 2 ] 

3?c. c0a5i0iiii60JK«c«^BeffiA;uz«sia»i OAt^ft^szoiO^u-zsm 
ff a;u7 Vl t^ftisr 3 ^ssiijaicoiiT, e i ohkh a 2 A'-h z e ©»rF5fijB0 20 

[ 0 0 5 3 ] 

*f> i^^tolCJrUT. ir- neB)ialg& 2 8 » >5 A 7 - M O S F E T 2 6 ©^r- h - y 

- xmrom&m^V c (E2E#SI)2;^«l&rtL. A7-M08FET2 6t^?|-7»>i:e 
>IC«I(E2D#S). 

[ 0 0 5 4 ] 

C<?)V?=\ -5^ :?r - K 3 6 <9H&ffitt<?)tiE<y)T:*: ^ ft > C - -5^ > X C J; , » 1 

X'fyf34tt. ■:7'-KG;j6f:&y-t--K^ciEicepa]rti?«^3a}Scd;'; ^ - y ty 

tl. »1<9¥39ft7'fyf34©:?'/-h-S3t0lli?±»'Jtt. 'r>5^5^'32n:j;'; 
«J«ijr 41 3 few, . jE«ft ^ - > . ft«, 5^>f:?r-K3 80 

34Qir-Kjfe^Gcaffi«t)cy-i>mafatUTtj;uc^tti)?*-?tfti). 
[0055] 

C<?)<i;'?CUT. ^^-to -Z^KZ^^^ftZ'Tyf^l 4j^6*»1 C{>*«ftX-<yf34«f 

«ari>:, ^ > 5 ^ 3 2 cKiia«5S!«SE2^epA]r +1.. ■<yy'?95Z(i>4y9''? 

9yXtL)ifi)£. 02AlU3t-rj;Tr:, ^>'5^?^3 2©m»lLtt^SECE/L) 
[ 0 0 5 6 ] 

SilE^aiLl*« «tiSi-t,-?^a2^I P (=ETo/L) VftV, mMQUfiltX ;u=t' ( 

= LI Ji^S»JtL2V, ir-H6iJ»ia»28»^ O iS"JfiP^^«l& t #± U , A 7 40 

- M 0 8 F E T 2 6 t ^ - > 7 r tt 3 ( E 2 E * SS ) . 
[ 0 0 5 7 ] 

c<9V?=. iiie«)itiL ^>iia3(i»c^4-r?'f>'?'7^'S2>ji?h<?>0aiuftuj?3&^> 

^ 0 9 yx (iCE®'f>^^7^'>Z)flf*?=l)V, A7-M0SFET2e«:«f^t::fi 

isf«:«vttft>ir. ^T, ^at^masEitii^^tf^';. A7-M08FET26<4)ai* 

i7 9 > 7 t ffl*1&3Srit ^CVCJ;V. r^f^r-K 3 Ot^:7A7>yx*-?5>iftUJ;7 
CU. (I(JSS«)ft^->:?f7#47t)4T.IJ:7Ct2. 

[ 0 0 5 8 ] 50 
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A7-M08FET26»f^->:*7t-lCVCJ:';. Sll <?)*5H*7'fy!f84<?)^>y 

yf34©7y-h-AT58lt?>¥«ftZ>fyf=340ir-KGTr'f^-H86<?)7/- 
[ 0 0 5 ?] 

e<?)»-&, ■j-'f H 8 6 flfftftri *«ii»<?>»»'f >y ^ > 7 effi*fi < u , «ea 
ffl®) . »i<4)^«ftZ'i'y^340;?'y-h--er-hSH:«jittistitJtr?feAft. ± 

iB»» <?) «£E » T I3C'> « U . 
C 0 0 6 0 ] 

K 1/ - S/'Jffllil (B2A<?)^li]Ti ) W<?)luiE«iftlL <?>M'>H: S ^ ^ V« II . a b» ffl T 

iB:»1<?)¥«ft.X'fyy34<?>!r-na^G»>J3l?te»*l,7m^^«CJ;';i?t*I. ^ 

> r 7 3 2 <?) « a I L <?> a '> t ffl * «p it 3 ji 5 I . 

[ 0 0 6 1 ] 20 
f^^t z -f58 1 Q¥«+t:Z>f y f 3 4<i)naPICSar4lTl)*.^?5<<)3l?=ft?'t.^T U. 

^s.a»^ y - \: msLz/\ctr- hmu ^ 7 / - t^m-^jZi^ ') , 9 -ytywifftm-i&tz 

[ 0 0 6 2 ] 

)^^^, «ife-?.*t3'>s<?)ma^a*-?$^bUTti<. h y 9" y 9 s i Qmrnut ji'^ 

3tmmS. o*';. »1<4)¥«t*:X'fy?340:J»y-h*-ir-h^m5VAGtt> la*') 

1** II masa ©*.<ft . jt««&«^»c±sr ? t^. s5Ji<?>ffit>r 0 v v e c«i»c± so 

# U T II < . 
[ 0 0 6 3 ] 

X^^^U^'J^^tSS 1 yf 84©S5S<2)mS©«C«470*:t?VC«3. 

[ 0 0 6 4 ] 

c0SSf*. ^ y9' 9 9 s ZQ y( y9' 9 9 yx>im ^ <!>^Vf»x^ V z ^<Dmfi 

$«VCJ;3tt}S»rF-?if)?fed;). lIl?'f>y5^'3 2<4)S5»lLtt^2»Jf^« KIQ^ 
y ^ 3 4 ©7 / - h- - ir - SmaVA G ttiEffiaLff?^: « 3 . 
[ 0 0 6 5 ] 40 

«£->-?. a*c*&tJ*(U)iJ4ii'r>'^7^3 z (D ^ y 9" 9 9 y xcomtm^:: ^ tc J: '} 

. 3 2JlZ>CS'f>9'5^' 3 2Vai9"J<?)ftffiCfiar3A;i/X<?)'lit=l>KD 

-;i.-f?=3. ^ * . » 1 <?>*«ft 7 y ? 3 4 <?)masfi<?)¥flii©« t c V r 1 ^ . A 
^7.mT p tt. 

[ 0 0 6 6 ] 

1 ] 



Tp&jt^LC 



50 
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[ 0 0 6 7 ] 
V « ? . 
[ 0 0 6 8 ] 

ZTB20¥«#X>fyf^1 4<?)y^^-H80 T»1<?>^P9ftX'fyy84©*y-K 
K T 7 / - K A<?)S»-?an, ^ . 10 
[ 0 0 6 9 ] 

namssaj 1 2 catL ? i%ia T 4 isEi^ftff V 5s . 9 ^ s 2iic*» 1 <?)^»#x 

[ 0 0 7 0 ] 

>Jt.±<?)iSiB3-?(3:, :&^3i2Ot^#fi*ICffim^?5<?)J;?S)KJ^'S9*<?>"?s5iBBU^t^> 05 
IU/TvtJ;TlC. A?52 0t^J)t^=Pl'y7'5 0<9«J;7«?^®P«t<2>-?l3:. mSCi>±ft1'C 
A?5>f>C-i^>7J^a«U. *i<2>ft<?)ifiJRltSI2B^a2C>:r*a^*.t<?)^4M2]^, 

E 2 B 2 C <?)»fl^ J: e A ;i/ Z-litpa II A Xtt<?>aUR >: « I . "20 
[ 0 0 7 1 ] 

VC?)-?, ElcmtSBl<?>lll6<i>3f^«C«3BmJEA;UZf!*SIH1 OA"?!*, «1<?) 

¥«ft7'('y?'S4<?):?'y'-h"-;&y-h-i3]«ffVAKR^>5^i?^8 20«jiviai?ra 
w.±<?) t ^>r5^8 2c«u-7A;i.xiii:^jr-tt?c>:i*-?r«ii. 

[ 0 0 7 2 ] 

•^Cf. E3j5&f04C/Tv-ra52/i&f»3<<)IIB5<<)ff0«C«IiS^SA^UXfEila]»1 0 
BJ^6fl OCtt, !g1<i)¥^*fX'ryf34<i)7'y-K-*y-FSmSVAK<i>K*W> 

± <?) m s t ai ^1 u u » 6 c » 3i « ? . 

[ 0 0 7 3 ] 80 

tr. c?<?)«20ii5g03Kl!Sn:«?Bi«SA;uz^siQiffii oBtt. Hscrvrj:?!::. 

±^U*.«l <2>llii6Qi^«C«IB^SA;i.XfSilBl!&l OAVIllJ|Bl«©«fiKt*t-I 
t^, 'f > -J^ ^7 ^ 8 2 »f , 1»;^li33"i:, 1 8 3 -^ffi^^Cttftrtl. 1 

»;#a3 3<i)^ad;';t^l»«Sc©2»!«»3 8Vt?&r?A-?ll«I. 
[ 0 0 7 4 ] 

» 8 QSligQJ^SIC*? S;mJEA;i.X5g^@lH 1 OBtt. a 4 crvt J; •? IC. >f > 
5^9^32t^. l»!#JSft38V, S! 1 » 3 8 C U T B 33t «l IC -tt C 1 »! ^ » 3 
3CinlS'i;«IJ:7IC4»?=SU^2)>!#«38>;"E*t-I}&7ll«l. 
[ 0 0 7 5 ] 

Uft'5S82;Sl&f»3<4)|ISS<?)r#«C^yUT«c. l»;^)K3 3-i;2»J#)K3 8^Qfitt^«e 40 
[ 0 0 7 6 ] 

^UT. 1 i5:#«l 3 3 Q^at N 1 . 2 3;#ffiQ#St N 2 VrilB:. C Q » 2 ©HJg© 
JR«C«2a«JEA;i/X5E*15|»l OB0»6lCB:, VagXN2/ N1 <?)«JEtftiai 
2 0luai:^t2CV2^-?$=2. -1y . aS3<i)IIJ60?^«C«2iS^SA;i.Xf6a0»1 0 

coa^cB:, VagX (ni + N2) / Ni c[>mKtAm^Ofoii^tfti::>^»■^^ 
1 . 

[ 0 0 7 7 ] 

Sfir, SS 2 <?)lligQff^lS-f IS . 2 »J#ia 3 8 <?)??at 1 3!^® 3 3 <?)#&<fc t # < L T 

inffitt^rufej^. ^©ite, 2 »;#® 3 8 <?> «S t 1 3 3 <?> #a j; 'J t '> « < u tM 50 
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ffift V U T e J: U . 
C 0 0 7 8 3 

tJS.. » 8 OllJg<?)Jf^«7tt , Za^SSBt. a 1 3 3 C>S u Tiia«iiu«s-tt 

1 3:#a3 8caffiV«3J:7C«<<fcTCU T«?K U T t <fc U . 
C 0 0 7 9 3 

cittt, exiles 8tiDffi©»^vtta(5i?=c«i%B:ffiiattD:7'c#r«it 3cv-?fi 

«ff = VAGX (N1 + N2) / NIC^^UT. }&t)^K = V A c X (N1-N2) / N 
[ 0 0 8 0 ] 

«t/f «i SiBBf 3 . iJjy. c <?)» 4 <?)5iisojf?«c« 3 isma 7f6^iQi» 1 0D©ai?H 

2 0 V U -7J5C«=t» r y 7* 5 0 U UTSieiBr ? . 

[ 0 0 8 1 ] 

C«i)SB40III6Qff^«C«7a^SA;UZ%Sl51»1 ODtt. ±jSU^SB20mB©ff?IS 
C« 3 A ;U Xfg^iua 1 OB (0 3#S) 15 IS |bI « <9 t * t I , 0 5 IC a'v 

tJ:>IC, «10¥««:X^yf34C>iU T 5!) C SSE ^ *l Zf-K5 2t*^I 

C03^^^-K5 Ztt. 7'/-h"Jffi^/i&f*y-Ki!a^t^> 311 <?)*«ftZ 20 

'f y ? 8 4 © a? y - F Jffi^ JSLc*7 y - K Jia^ c^JSEr ft , « i <?)^«»z 'f y f 8 4 

[ 0 0 8 2 ] 



0 5 <9 «l 7 t* . 




> 
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5' 3 2 






4 2 V SS 1 0^«*^ 7 ^ y 5^ 3 
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3 6 V 
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It 






K 


8 6 
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10 0 8 
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amffA;u7fg^ii»i oDc 
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=*'i^SSrft3. A7 
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0 S F E T 2 6 


t 7 r 


3 c >: 
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@ 5 
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6 C 


mr^feTC. »10*«ft7>f 
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8 4 <?) 7 y - h" 




^ y 








K CSftft 


T 11 


fe^ai»7y-KJI8^A»>5ir 








. » 1 <i) 




7 




y ? 


3 4 © 




tfe^ft . » 1 <o^m 


# Z y 


^34 






- y 


5f 7 t 




C ^ 


V « 3 . 









[ 0 0 8 4] 



»l<?)>«<*7'fy^8 
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» ^' 


- > ?r 


7 t- ? U V 




0 


6 




f 


J: 7 c . < y 'r 0 


^82 ©ism 4 y 9" 9 9 
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7 C 


3fcft T 




'f > y 7 9 
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t /I- 
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Ta^^2ocfea 
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9= « A 7 
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2 
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5 0 fo-zmm»^^t I 
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40 



[ 0 0 8 5 ] 

C<i>>:3=, a5l©^«^$7'fyy34tSt— ^©¥«^*7'fyftt. «*-r3SSEJ?«- 

t/f^ir^fed/). icjj&-r3^attr-^Tm;^.2 0K:saft3t>it-ftt«<. a5i0¥«*^7 

8 4<?)«aS«05£e0fe4»C«a»)Tlft3. 
[ 0 0 8 6 ] 

A?^20^^. J)[m=t' r y 7* 5 0 0 J; 7 lU^le© m^^-?ft I «e C airll T , mmcj;^ 

Tx:?;i/=p»)«ftrft3tr. -r-^T^J^ffrfttt^T.*.';, Jimt^ficijrcx;?;i/=*'t^ 
# < »Br 3 c V » J) ? . 

[ 0 0 8 7 ] 

C©*^, ^ofe^?^J)f'f>5^7^'8 2 ©IDffi'f >r7^>7ty>UTJ5taifft('f>^^ 50 



(13) 
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y 9 s z <i>mm^ y 9" y 9 y xjcm.m»^ii') . ms. y 9" ^ 9 s z <omm^ y ^ o 9 y 

[ 0 0 8 8 ] 

%nz ocfe*T>*.«?9y«< . 1^% y 9"} 9 y -XKz^iBiKjVkti-i t . 

a7icmrj:Tc. 2-5©fia (aBi;5i&faBE<?)fitt80jS^c#e2) -?«a»fait7cv 
V « 3 . 
[ 0 0 8 9 ] 

»1O«i» 6 0 0:. « 7 -S 2 0 ^|q] 2* T «2<l>li%6att. l§i£%3i 

SJ1 2. A7-MOSFET2603^JI?'jr'f3i--K3O. »1Q¥«ftX>fyy34n: 
il&at?!) CSar ft*.^^ 'f * - H 5 2 t «^<iS»-?y> 3 . 10 
[0090] 

fflU. U<DV?='f>'5'5^8 2 -?fg* r I ^ff . m a^^fiP 12^2o<55^'f?f--K3 
0JS.&f5 2-?*t*ims-?17=7>7^rft, ma0#<tt«2(9S»6 2C3Sai. ^©SB 

2<i>a»6 2tabT<5ma©5ft*t«:. 07-?tt. namssasi 2©d>7='>i^24icx 

[ 0 0 9 1 ] 

rFVD^cjjr:*';, iia«3Sfijr2q)Si5ft^<bic«*-r?. 

[ 0 0 9 2 ] 

*fR±. B(ile^^:?f-h"5 2i^^iJl)^, Sg, ^ y 9" 0 9 I Z ©l&ffi > ^ 5 5' > 20 
z>;a?S2 07ttlfib, «SS«ic» 1 ©^^^^Z'f y f 34r:iHstjait33^SJE2^epiD 

^d;)Ce.B5iBr'f:*-h'5 2 t ««6r ZCJii^MtUU. 
[ 0 0 9 3 ] 

±«<5a5 4<2)IIIS0JR«IC«Z a«JEA;U7f£*0» 1 0 D f I* . « 1 <?) ¥ « 7 >f y 5^ 

34lC?^UTae2t?'Jlcr^?f-h'5 2tSjSUfe«^t/TvU;t}6f. SBlCyT^raS 

5 <?)iiJ803^«r:« I iS^ff 1 oeqjjtc. BJi^ssflJi 2<i)AffiJia^ 

4 8 / - K ]ia^»»ii6ra. ^ > ^ 7 ^ 3 2 <?) - fflc * y - p «a^tif»3af tL 

*.r'f2f-h'64t*t'7J:TCUTtJ:l). 30 
[ 0 0 9 4 ] 

c<i)»ft. na^ssapi 2;^£*5^>r:zr-h-64tja'j<JSK6 6?mitt^m*i. namssap 

55';, m^t z^%o>^^%^^mt ^1^9- y{ :i - ^ \ -:> ^9''{t-^%^^-^■9^-^iti^) 
. 0±i^<9«^2^'>«? u c V , «««icBfiiEiBiit- z ^a©J5»©E)®ts < r ? c ^ 

i^-? 3 fedft , isa«)*»f J; < * 3 V U 7 ?Uia»^ I . 
[ 0 0 9 5 ] 

0 1 2 B 1 4^ a u « »f mii as r ? . 

[ 0 0 9 6 ] 40 

tr . SBBtDHligQJF^^ICS^amSA^UX^giPSl OFI*. ±J^U^S54©llli6C!>3^ , 
filC«2SmSA;UZf!ailS8l CD (05#§S) V(5(?(o]«(?)«fl?t^r?tr. 09IC 

*r«fc?c> »i<<)^«ftX'ryf^34©;p/-i^ja^^sy-h"Jia^>i©^c. ssbi 

<?>*«ttZ'fyy84^ai^JlCD>7->-!^8 8 » »«6 41. T I) ^ 7 . 

[ 0 0 9 7 ] 

» 7 b^jsa;!/ z^iniK 1 0 G I* . S1 1 oc3i-r<fcTic. as 

1 <?)¥«*^z^yfS4©:?'/-h'ja^>;ir-f-jia^^<?)ian:. ^si Q^^ffz^f y?' 

34V3t9'JCD>7->1^7 0 »S«E^4tT U I 2 . 

[ 0 0 9 8 ] 

^UT, »6-a2*557<i)IISS0ff^filC«?Si^SA;i.XfSiEl»1 OF/ICI OGcaifU 50 
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3Stt7'fyf3 4canTl)*.maiAi^. □>T'>-!^ 6 8flfSfiEr*l*.lSK7 2 (0 9 
[ 0 0 9 9 ] 

IIleD>7*>-!'-6 8Xtt7 0t»Jau«l)»^. SI EACaitJ;TIC. SBl<t)^«<*X 10 
'fyy34C3ltLTl»l:7y-h'maiAtt- A7-M0SFET26<?):*7Cff->T-6 
Mh-Z i) <» . S5l<5>*^<*7-1'y?3407/-K-Sy-h-^mffVAKl*« «S»A 
cmt<*:>r:. A7-M08FET2 6<9:?r7ViaiJ[B|^tCil'ftClItr±}t>f?CV>:*J? 

. c©if^±tr'j^c2r--/^-va-h (A;i/Xz*rjf) tr^b. 01 z b (o^mccm 

t^JC. »1<?>*«»7'fyf84<?)7Wyf>7«* («JIX«a) tSiXfitHI, 

-15 . □>7'>1^e83?tt7Ot»3SBtfe»6Ctt.0 1 2A£4)ll)SBC/Tvrj;7lC. 7 

y-F-3?y-KSmjiVAK<?>st-<?±»';i^iS^»c«?u>:»^, 01 2Bqii«d 

CrvfJ^^C, »1 ©¥39{*7'fy9=84<97'fyy>ra$^tt**iCl&Mr*T.?. 
[0100] 

EP-^, IileD>T'>-!^685?f*7 0t»«E-riCV-?« SBl<?>^«tfZ'fyy84©Z'f 20 
y f > 5^ « 5^ 0 1&M ^ « a ffi Br W « 0 la ± t 0 2 C V 2^ -? 2 . 
[01 01] 

2<?)iB»ai^>-?"i7^>zcsgrmx:?;u4'(j. i / 2x (issffi-c^^^^^^^x) x ( 

»1<9¥«ft7>fyf34C{)3gilli^Ji) '^-f)**?C-i;2A>i. «1<?)^«<*Z>fyf34 
[0102] 

«1Q¥S9<*Z'(y^842^aac. tU<l*XmatSllirU*.»6lC, '('>-^:7 

8 2 ommy( yr 0 y 7.x2\iiXP ti-f - vmK (. /Kn^xsLij) »m } <?>^«ff7'fy 

f S 4 cmt)J . ^S£^J!*.±<?>mS»f35l<?)¥«ftZ'ryf^34cep2Drtl7"^ 30 

S»1 C!>^^»X^vTZ^{2^M9-^4-X1di^tl-»9)J1f. ±^U*.J;7CD>T'> 
6 8 Xtt 7 0 tSJSfer 3 C V-?. Sile-9--5/'mat«P;L 3 C ^2^7 3= . !g1Q)^^^*X 
>f yy34<?)«»tt<?)I^J±t07C>;2^7?=7. 
[0103] 

«ffi-r3»i<4)¥35«;Z'fy^34icj;oTtt, 9 - y 7t y <t>ms. ±nm (. cL ^ 

/oLt) t»)*«;ia<-??=*t)«^*^iP)l. ±S0^?IC»1<9¥»<*Z>fyf84lC*4 

u-?3i?"JcD>T'>-re ot««E-r3cv?. «ffi-r3« i <?)¥«»x>f y f 3 

40fFS°I^«L/'^;Ki>^JI±^m (cLv/oL-t) , mXtX } kV/US;jt.±*-?, ffiilE 

□ ^T-^-^-e 8>?b:7 o<9#a-fPgr7u'^ 2^-? ?=. iSif^p&^st/Airic^t^-?? 

I . 40 

[0104] 

ftJir, S!isezi>7='>-!^6 85JB:7 0tJSJSEU;fe.»ec3yi)Tt3:. □>'T'>-!^6 8Xtt7 0 

ic^o ;u=f 0 # < ttBamssaj 1 zicmiTaicv^^. SiiED>7'>-s>-6 8x 

1*7 0t»J6riC^ICJ:7Sto*-BTt*'>«iH. 
[01 05] 

a 8 <9mg<?)piiic« 3 ama xfgiiDK 1 ohcodtsi 3t#s?.o«» 

[01 06] 

C©S58<?)flBg<?)?K«C«7:e.mffA;U7%a(alKl OHtt. ±j^L*:S54<Z)lll6<i)?f^fi 
C«2ilimEA;UZ5gilBlKl OD (05#^) V li IJ la) « Q iSS? t « f I . 0 1 3IC 50 
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[01 07] 

V<t>m-Bt , 5lQ4^«**Z^y?^84i)f5'->?r7r3C>:CJ;o-7. ^ y 9"? 9 & Z 

Yfc^j-», z 0 (oiLmc ziyTy If- 1 6 -immt J ■>i-7' . mm^ y 9" 9 9 y xc 

SBlttl OFJSl&fl OGV|B|«i::. S§1<?)4^»»Z'fyf84<?)/JvS^b^Z'<'y?^>i7'« 

[0108] 10 
« 1 <?)^5f # X 'f y 9^ 3 4 *aac . t U < R * « a t ffi ffi U » ft C . 'f^^^:? 

9 z z Qmm^ y 9" 9 9 y xctSiX^ ^if- -yms. (AJUZiB*) 2^»i ©^^^^^Z'fy 
f84n:iDt>l. bi^Us :ai^20cJi5'Jiczi>T'>-!^7 8 tJtJSEt 'f>-?*5 
^8 z Qmm^ y y 9 9 y X(csmt ii^jLt Ji^^-^fiSi^-f ^ . mm^ y 9" 9 9 y xcm 

[01093 
[0110] 

fflU. ai520ICJtt5'JCD>7'>-!^7 6tJtfiEr?U>:tt. A^l.XaiAQA^l.X'll. A^l 20 

z«Ji©ir-<r±tr';ic*? <«s-ri*.d;), tt«i::do*:D>7'>-?-7 eotiyx -f y9' 

[01 1 1 ] 

S59<<)|lli6<?)JKllC«7Si^SA;UXfgilal»1 0 IC^JDTEI 4t#SlU«» 
[01 1 2 ] 

C<{)»9o)IIJg<?)JF^SlC«?a^SA;i'Xfg*0»l 0 Itt. ±j^Ufe3g1 <i)|IJg<?)S^« 
.C«3Si^SA;UXf6a[al»1 OA (El #81) Vl3il3r|B|«l<i)«SEt*t?t^. »1<?)* 
«#Z'ryy840ir-f-J«^GV'('>^7^ 3 2<?)fl6Jft4 2 V O S C »lt ^ *l ^5. 9S ^ » 
,-5^'f:sf-F36<?)«t)';clS«t78>;U*:*-?«»I. 80 
[0118] 

A7-M08FET26t5f>rttfe>:9=C. SBl<«)^^#Z'fy^34-?J: 

';«lllc^->?r>rtticv»7?=i. Stn:. SiSi<{)4i«ffX'i'yf34t«a*'J«PJi? 

J; 7 Ctfi«t 7 8 t «JS6r ZO:-?. ai<?)¥«^*X'fy^84t«tflc5'->:?|->^tt? 
C V . 
[01 14] 

«3if. ±M0®m 7 8 t ffl l)*:«5rcSf I) -7(3: . Hai^SSiaJI 2 "? « S ^ ^ K t B 
V U icair U T e !&□ 7 h 7«SK t ? C ^ t^-? ?= ? . o * . Jg 1 <4) X -f 

y9'34<?)i7'-H«^GV'f>-J^5'^'32<?)«!J«42^<?)glc5^>f?|--h-36t«i3tUfe 40 

nja^ssfiPi 2 t z m^s^s V u Tame t ^ra u , •?'>r:^-H 

-iscs.«-?»)i)»f*5?^?y. att:7 8-?*)ni*. it«tefiDXh-?^t^. 

[0115] 

C<i)J:7C, »1~«90llI6ci)B«IU#Ii9i«SA;i.Z5g*|51Kl 0A~1 0 Itt, €£ 
* <D iSmS A A' 7 leilalB 1 OOJtC^CtSSffillClgiamaA^UXfgidKl 1 8>:jt« 
b-?. amSt^«PiD^4l.I¥«ft7'l'yf'VU-7lfla<?)ai <?)^«{*:X'fyy84©J^7 
<fc < . U»t, ^aS 1 <?)^«{* 7 y ? 3 4 «?>^r- h |§»CI*afif ? «^I1»C 

[0116] 50 
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SBi~S59©fiJg0ff?«ic«3amsA;uzfSiiaKi oa~i o it*, ^m&if 

Z<?>-ja4 4<<)^7y»'; . flfi<?)lsl»5«tt±T<&«fftt«<?)Sl»BPiSi-?J:l). 
C 0 1 1 7 ] 

y X 'J -7$) I 4 2 ves0iia^3i» 7 1 ftfF Rr«g-?i?) . ajiS.<i)^ss« i o 
w 9) tits: + ■» -7 9) z . 3fc. 0 1 5crv-r«t3R©a«JE/c;u75!*i5i»i oo7ttiiam 

[01 1 8 ] 

«£^T. «1'>'SS99llli6<9P«IC«2i6«SA;i.XfgiIBl»1 0A~1 0 Itt. #Sir 10 

[0119] 

[0120] 
[ OS 9 St) % ] 

*ji±siflB u J: ? ic., ^ alls xfe*Ei»c<fetiBr. amEi^^io^iti 

[ 0 11 Q fS « « 31 OS ] 

lm^ ] «i 9ii£g9^iSi::-§g7a%JEA;uxfg£BKt/Tvt0?9)7. 

[02] l2l2A~E2Et3:S5l ci>ll^6<?>ff?ISlU«?a«SA;i.Zfg*lBlH<P*SP<?)flJI35r 

[03] SS2<9mS<?)ff05SC«ia«SA;i.XfgillHtrs-r0-?iP)3. 
[04]«SQflli&9^ISclii?aiiJ£A;i/7%^ll»tFN-r0?9>7. 
[05]S84QS)6g<?)ff^JSC«iamBEA;UXfSS0Ht/Tv-r0-?i?»?, 

[0 6] > 5^ 5 ^ <5®5a ^ y 9"? 9 y xcmti-z I) -{ y 9"p 9 [j -z%.^i;o 

iK5Ti r z «:« t /Tv r si^H 0 -? J) ^ . 

[07]x;f;i/¥<?>0^»fFt/Tvri)iB30-?5)?. so 

[09 ] SB6 (!>nmQmnc^'i s,m.KK)i7.?t^m^-imt^-?'9)i . 
[01 0] !B 7 <i>ii2i&Qpasr:«K 7 a;i/ x%^igi%t /Tvr 079) ? . 
[01 1] «i<?>^«ftZ'fy^ica*L-7i)*.msi»fD>T">-!Mc<eai-r?tt«tm^s)i 
eH0-f 9) 3 . 

[01 2] 01 z AOiZiyTy v--^mmb ^D^-^^ ziyTyittmm Ufe»^ic35rit7 
HI <i)^»t^x>fy5'0:7'y-K-sy-i-"ia«ff<?)i&^b©autrv-r!ft'iS0-?9)U, 0 

1 2Btt7'<yf>5^«$^0iil)tmt!^>tt0-?9)?. 

[01 3] Sg8<9llBBQ>JKjglC«3amffA;UXf!SlBlKtyTvr0-?9)3. 

[01 4] » 9 <?)|llit5<9}^«C« ? B?IJI A ;U 7«^@l»t ai-r 0-?<M . 40 

[0 1 5] «t*}$«5c«ia^ffA;i.zfg*i5i?&tair0-f9>3. 
[01 6] t£^^jic«3a%sA;uz?e^i§i%tmr0?ihi. 

[ 75 0 sft BB ] 

1 oA'^i 0 I a%sA;ux9E£i§i% 1 2 ifit^ssat 

1 4 35 2 <9¥5#Z 'f y ^ 2 0 ^ ^^i 

2 2 lianas 3 2 ^ y y ^ ^ 

38 1 »!^® 34 « 1 O^^l* 7 y 

36rY?f-K 382»!^JS 

50 3i5[m=t'-ry7^ 52.64^^>f;?f-h- 

68,70.76□>T•>■!^ 78a«i 50 
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